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. Advanced Exergy Analysis 149
In the advanced exergy analysis [17] , the rate of exergy destruction in the K th 150 component of the system is split into endogenous / exogenous and avoidable / 151 unavoidable. 152
Endogenous/Exogenous
Endogenous exergy destruction in K th component is related to the irreversibility 154 occurring inside this component, whereas the exogenous part is associated with 155 the irreversibilites taking place in the rest of the components of the system [17] . 156 Therefore, the endogenous exergy destruction in K th component (̇, ) is the part 157 of the total exergy destruction in the K th component (̇, ) obtained considering 158 that all the components operate ideally and the component being examined 159
operates with real efficiency (Hybrid Process). In a Hybrid Process (or Hybrid 160 Cycle) only one component is real, i.e., operates with its real efficiency, while all 161 other components operate in a theoretical way. In this case, the exergy 162 destruction within the component being considered represents the endogenous 163 exergy destruction. Thus, step-by-step introducing irreversibilities successively in 164 each system component the endogenous exergy destruction within each 165 component is calculated. Therefore, in order to compute the endogenous exergy 166 destruction in the K th component (̇, ), a Hybrid Cycle for each component has 167 to be simulated. Exogenous exergy destruction (̇, ) is the difference between 168 the exergy destruction value of the variable within the component in the real 169 system (̇, ) and the endogenous part (̇, ). Eq. 1 shows the splitting between 170 both parts, where EN and EX indicate the endogenous and exogenous parts, 171 respectively. 172 
In order to obtain the unavoidable exergy destruction Eq. 4 was proposed by 190 Tsatsaronis et. al [22] . In order to obtain the ratio (̇̇) for the Table 3 shows a summary of these variables used to define the different 217 cycles. 218 
Simulation results and discussion

220
For the exergy analysis, steady-state simulations were performed by modeling 221 the cycle described on Table 4, Table 5 and Table 6 indicate the thermodynamic properties and the mass 246 flow rates at different state points of the ORC (Fig 3) under real, ideal and 247 unavoidable conditions respectively. As previously mentioned, the ethanol mass 248 flow in the cycle is higher in the ideal case than in the real one due to 249 Table 7 shows the net power and the cycle energy efficiency and cycle exergy 262 efficiency for ideal, unavoidable and real cases. As it can be seen, net power is 263 reduced in the real cycle because two effects: lower ethanol mass flow due to 264 higher pinch point in the boiler and lower isentropic efficiency in the expander. Asa global consequence, both the cycle energy efficiency (defined as the net power 266 divided by the power of the boiler) and cycle exergy efficiency (defined as the net 267 power divided by the exergy rate of fuel in the boiler) are reduced comparing them 268 to the ideal cycle. Therefore, cycle efficiency corresponds to 22.72% in the ideal 269 case and technical limitations give a value of 18.13% in the case of unavoidable 270 cycle. The real cycle gives a value of 9.42%. These values correspond to the 271 ones found in literature [27] . 272 
274
Considering conventional exergy equations applied to this particular application 275 and presented in Table 2 , the following results are obtained. The total exergy fuel 276 rate is the difference between exergy rates of exhaust gases entering and ethanol 277 leaving the boiler. The expander power output is considered the rate of total 278 products exergy. Table 8, Table 9 and Table 10 
289
Based on the results obtained from conventional analysis (Table 8) , the overall 290 system should be improved following priorities for the components with higher 291 parameter and the rest with ideal conditions. The exogenous exergy destruction 302 rate will be calculated by difference to the total exergy destruction (Eq. 1). The 303 unavoidable exergy destruction rate is obtained when all the components work 304 under unavoidable conditions. Once the unavoidable conditions are calculated, 305 the ratio of exergy destruction to the product exergy rate is computed (Eq. 4). The 306 avoidable exergy destruction rate will be computed by difference (Eq. 3). To split 307 the exergy between unavoidable-exogenous, unavoidable-endogenous, 308 avoidable-exogenous and avoidable-endogenous Eq. 5 to 8 were applied. 309 Results from the previous analysis are presented in Table 11 . 314 315 316 
319
As shown in Table 11 , the value of endogenous exergy is greater than the value 320 of exogenous exergy in all the system components. Therefore, the greatest 321 contribution to the exergy destruction rate in each of the components comes from 322 the internal irreversibility of the component itself. Regarding to exogenous 323 exergy, the condenser have the highest value (0.26 kW). Therefore, a 324 modification in the other component efficiencies can lead to a reduction in the 325 exergy destruction rate of this element and an improvement in overall cycle 326 efficiency. 327
Interactions between different components can be positive or negative. These 328 two impacts could be the result of mass flow changes or thermodynamic property 329 variation of material flows through the K th component due to the introduction of 330 additional irreversibilities in the system. In this system, some components have 331 values of endogenous exergy greater than the exergy destruction rate itself. This 332 can be analyzed by the results of the specific advanced exergy analysis (Table  333 12). Table 12 shows that the system is more efficient (less exergy destroyed in 334 kJ/kg for all the components) in the endogenous case than in the real case. 335
However, changing the conditions from the ideal case to the endogenous case 336 (the K th component is real and the rest are ideal), the ethanol mass flow changes 337 between both cases due to changes in the pinch point. Hence, the result is that 338 the endogenous exergy destruction rate in kW is higher than the real exergy 339 destruction rate in the expander and pump (Table 11) . 340 
342
Another important point observed from Table 11 is that a total amount of 3.75 kW 343 could be lowered; taking into account that only the avoidable part of the exergy 344 destruction rate can be reduced. This part of the exergy is higher than the 345 unavoidable part in the expander (2.38 kW vs 0.59 kW) and the pump (0.12 vs 346 0.07 kW). These components will have the highest improvement potential by 347 technical modifications of the components. 348
As the avoidable-endogenous part corresponds to the part of the exergy 349 destruction rate, which can be reduced by increasing the efficient of the 350 component, it will be the main focus. The avoidable-endogenous rate is higher 351 than the unavoidable-endogenous rate in the expander and the pump. As stated 352 before, technical modifications of these components will improve efficiency of the 353 ORC system. Regarding the avoidable-exogenous rate, it is higher than the 354 exogenous-unavoidable rate in the condenser. Therefore, an improvement in the 355 efficiency of other components plays an important role in enhancing the efficiency 356 of the condenser. The avoidable-endogenous part of the exergy destruction is 357 higher than the avoidable-exogenous part in all the components. This differenceis much higher in the expander, thus an optimization in this component will be 359 essential to improve global ORC performance. 360
Results of splitting exergy destruction rate of the components are shown in Fig 7,  361   Fig 8, Fig 9 and Fig 10. As a global consequence under the working conditions  362 for the present work, there is a high potential of improvement in the ORC system, 363 focusing in the expander. From the total exergy destruction rate in the expander 364 (2.97 kW), the greater part of the exergy (88%) can be reduced by technological 365 improvement of the component itself (avoidable-endogenous). In the pump, 366 condenser and boiler this potential is reduced to 70%, 16% and 14% respectively. 367 
